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;li; BEST PRACTICE NO. 10

STEAM LINE SIZING:

2> WHY IT IS IMPORTANT AND HOW TO CORRECTLY SIZE

HOW TO CORRECTLY SIZE

Selecting the correct size for a steam line is one of the most
important items in a properly operating steam system.
Steam lines are designed for 200 years of operation, and
the plant should not experience premature failure with a
properly designed and operated steam line.

One important factor to remember about steam

system design is that a steam system must be viewed

as a complete system rather than its component parts;
therefore, all aspects need to be reviewed to ensure proper
operation. For example, undersized steam lines will lead to
steam starvation and steam pressure loss at the steam end
user. This pressure loss is often mistakenly assumed to result
from heat transfer problems or control valve issues.

Providing the correct steam pressure and steam quality

to the end user is the goal of the steam distribution lines.
Steam lines always will have a steam pressure drop with all
the restrictions to steam flow, such as valves, elbows, pipe
internal roughness, flow meters, expansion devices, and
other items. The plant needs to determine the acceptable
steam pressure drop for the steam distribution system and
deliver the correct steam pressure to the end user.

When designing steam headers, branch lines, and
condensate lines, there are general rules regarding
velocities in the piping. Oversizing a steam or condensate
line is never a problem except for the additional cost at
installation, and it will add a very small additional energy
loss through the insulation. However, the benefits of
oversizing far outweigh the negatives of undersizing.

i
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UNDERSIZING STEAM LINE NEGATIVES Figure 2: Steam Distribution System

Undersizing steam lines will increase the steam velocities,
which, in turn, will increase the noise (dBA level) and
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pressure drops in the steam system. Higher velocities of

10,000 fpm or more will present four additional problems in

the system:

Steam Quality

High velocities in the steam line will entrain the condensate

that forms from thermal losses through the insulation. The
end result will be lower steam quality. The design of the
steam distribution system should provide at least steam
quality of at least 98% to the end user.

Higher Steam Line Pressure Drops

The steam line pressure drops will increase with higher
steam line velocities.

Premature Steam Line Component Failures

Poor steam quality in the steam line will cause erosion in
the steam line elbows, flow meters, isolation valves, and
other items.

Water Hammer

In severe cases, the result could be water hammer in the
system.

WHAT ARE THE CORRECT VELOCITIES?

- Steam heating system velocities:
6,000 feet per minute
- Process steam velocities:
10,000 feet per minute
- Condensate piping velocities (two-phase flow/flash
steam):
4,500 feet per minute
- Condensate piping velocities (liquid only):
420 feet per minute

SIZING STEAM LINES FOR VELOCITY

Fomula for velocity in steam piping:

Velocity = 2.4 x flow x specific volume

cross-sectional area
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« Flow = Ibs. per hour
- Specific volume (typically at the
end of the steam line) cubic ft. per Ib.
- Cross-sectional area of the pipe

Internal area in square inches

Example:
Steam Flow: 110,000 Ibs.hr
Steam Pressure: 215 psig
10"Sch. 40 pipe: 78.9 (cross-sectional area)

24 x 110,000 x 2.002
/8.9 area

CALCULATING THE STEAM LINE PRESSURE
DROP

Line A= =6698 FPM

When calculating the pressure drop for steam lines of any
length, it is not sufficient to depend upon calculations
based on velocity alone. Velocity is only one part of the
solution.

Formula:
2
P,=P -P = 0.0484fLG
D5wW
P, = Pressure drop in Ibs. per square in.
P, = Initial pressure in Ibs. per square in. absolute

P, =Final pressure in Ibs. per square in. absolute
f = Friction factor

G = Lbs. of steam per minute

D = Internal diameter (inches)

L = Length of pipe

W= v]— = weight of steam per cubic feet of pressure P1
5

EXAMPLE

P =234 psia

Steam flow = 90,000 Ibs. per hour
Pipe size = 10"

Pipe schedule =40

Length = 1,000 ft.
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Step 1.

W= \/]7 = weight of steam per cubic feet of pressure P1
5

V= 1960 ft¥/lb, W= —— =0509Ibs/ft’

1.96

H 2
Pressure Drop = (0.0484) (0.0053) (1,000) (90,000/60 steam flow mins.)

(10.02)° (0.509 Ibs. ft.%)

577,170

Pressure Drop = 234 psig - P, =
51,411

Pressure Drop = 234 psia-P,=11.23

P2 =222.8 psia
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GENERAL TABLES -,/‘ INVE No

GRINNELL - PIPING DESIGN AND ENGINEERING ' ENGINEERING LLC
PROPERTIES OF PIPE
nominal
pipe size SCh‘?dbU“i V\frall |n_5|de inside —— 5q .ft 59 ft weight weight | moment section radius
outside numoer thick- diam- outside | inside of water of modul- gyra-
diameter, ness, eter, ares; e, surface, | surface, per #t, per ft, inertia, lus, tion,
in. a b C in. e J| SN SG: N per ft per ft It Ib in.4 in.3 in.
40 | Std | 408 | 0.145 1610 2036 | 0799 0497 0421 2.718 0.882 0310 0326 0623
80 | XS | SOS| o0.200 1.500 1767 | 1.068 0497 0.393 3631 0.765 0391 0412 0605
V2 160 | - - 0.281 1338 1406 | 1429 0497 0.350 4859 0608 0483 0.508 0.581
1.900 i XXS| - 0.400 1.100 0950 | 1.885 0497 0288 6408 0412 0.568 05908 0.549
- = - 0525 :0.850 0567 | 2267 0497 0.223 77100 | 0246 06140 0.6470 0.5200
- - - 0650 0,600 0283 | 2551 0497 0.157 8678 0123 06340 0.6670 04980
. . 58 | 0065 2245 396 0472 0:622 0588 1604 1716 0315 0.2652 0817
3 N 108 | 0.109 2157 365 0.776 0622 0.565 2638 1.582 0499 0420 0802
2 40 | Std | 408 | 0154 2067 336 1.075 0622 0.541 3653 1455 0.666 0.561 0.787
2375 80 | XS | BOS| 0218 1939 2053 | 1477 0622 0.508 5022 1.280 0.868 0.731 0.766
160 | - ; 0.343 1689 2240 2190 0622 0442 7444 0.971 1163 0.979 0.729
- XXS| - 0436 1503 1774 2656 | 0622 0393 9029 0.769 1312 1.104 0.703
3 - - 0.562 1.251 1220 3199 0622 0.328 10882 0.533 1442 1.2140 06710
- g * 0687 1.001 0787 | 3641 0622 0.262 12385 0.341 1.5130 1.2740 0.6440
3 - 58 | 0083 2.709 576 0.728 0.753 0.709 2475 2499 0.710 0494 0.988
2 = 108 | 0120 '2.635 545 1039 0753 0.690 3.531 2:361 0.988 0687 0:815
40 | Std | 408 | 0.203 2469 479 1704 0.753 0.646 5.793 2076 1.530 1.064 0947
2Y2 8 | XS | SOS| 0276 2323 424 2.254 0.753 0.608 7661 1837 1.925 1.339 0924
2875 160 | - z 0.375 2125 355 2,045 0.753 0.556 1001 1535 2353 1637 0894
= xes| - 0552 1.771 2464 403 0.753 0.464 13.70 1.067 2872 1.998 0844
2 = - 0675 1525 1826 | 4663 0.753 0.399 15860 0.792 30890 21490 08140
= - 3 0.800 1.275 1276 5212 | 0753 0334 17.729 0.554 32250 22430 0.7860
g g 58 | 0083 3334 873 0.891 0916 0873 303 4 378 1301 0.744 1208
= = 108 | 0120 3.260 835 1.274 0916 0853 433 361 1.822 1.041 119
40 | std | 408 | 0216 3068 739 2228 0916 0.803 7.58 320 302 1724 1.164
3 80 | XS | SOS| 0300 2.900 661 302 0916 0759 10.25 2864 3.90 2226 1136
3.500 160 | - : 0437 2626 542 421 0916 0687 1432 2348 503 2876 1004
& XXS| - 0.600 2300 415 547 0916 0602 18.58 1.801 5.99 343 1.047
- - - 0725 2.050 3209 | 6317 0916 0.537 21.487 1431 6.5010 37150 1.0140
3 0 = 0850 1.800 2543 | 7073 0916 0471 24057 1.103 68530 3.9160 0.9840
3 - 58 | 0083 3834 | 1155 1.021 1047 1.004 347 501 1.960 0.980 1.385
3% - - 108 | 0120 3760 | 11.10 1463 1047 0.984 4,97 481 2756 1378 1372
4000 40 | Std | 408 | 0226 3.548 9.89 2680 1.047 0.929 a.11 428 479 2304 1337
80 | XS { SOS| 0318 3.364 8.89 368 1047 0.881 1251 385 628 3.14 1307
3 XXS| - 0636 2728 5845 | 6721 1.047 0716 225850 2530 08480 49240 1:2100
3 - 58 | o083 4334 | 1475 1.152 1178 1.135 392 6.40 2811 1.249 1.562
- - 108 | 0:120 4260 | 1425 1651 1178 1.115 561 617 306 1.762 1.549
= = 2 0.188 4124 | 13357 | 2547 1178 1082 8.560 5800 58500 2.6000 15250
40 | Sid | 408 | 0.237 4026 | 1273 317 1178 1054 10.79 551 7.23 32 1510
4 80 | XS | SOS| @337 3.826 | 11.50 44 1178 1002 14.98 498 961 427 1477
4500 w11 = 0437 3626 | 1033 558 1.178 0.949 1896 448 11.65 518 1.445
- 3 - 0.500 3500 | 9621| 6283 1.178 0916 21360 4160 127710 56760 14250
160 | - = 0531 3438 928 662 1178 0.900 2251 402 13.27 5.90 1416
- XXS| - 0674 3.152 7.80 8.10 1.178 0825 2754 338 15.29 6.79 1374
3 - = 0.800 2,900 6602 | 9.204 1.178 0.759 31613 2864 166610 7.4050 1.3380
- - - 0925 2650 5:513 | 10384 1.178 0.694 35318 2.391 17.7130 78720 1.3060
i = 58 | 0.09 5345 | 2244 1.868 1456 1399 6.35 9.73 6.95 2498 1929
3 - 108 | 0134 5205 | 2202 2285 1456 1.386 7.77 953 843 303 1.920
40 | Std | 408 | 0.258 5047 | 2001 430 1.456 1321 14:62 866 1517 545 1.878
5 80 | XS | SOS| 0375 4813 | 1819 | 611 1456 B.260 2078 7.89 2068 743 1839
5563 120 | - = 0.500 4563 | 1635 7.95 1456 1.195 27.04 7.00 2574 9.25 1799
160 | - - 0625 4313 | 1461 9.70 1456 1129 3296 6.33 300 10.80 1.760
= b 0.750 4063 | 1297 | 1134 1456 1.064 3855 562 336 12.10 1722
- & = 0.875 3813 | 11413 12880 1456 0.998 43810 4951 36,6450 13.1750 16860
- - - 1.000 3.563 0066 | 14328 1456 0.933 47.734 4232 391110 140610 16520
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GENERAL TABLES -,/‘ INVE No

GRINNELL - PIPING DESIGN AND ENGINEERING @ ENGINEERING LLC
PROPERTIES OF PIPE
i schedule
ipe size wall inside |. . sq ft sq ft . weight | moment | section
poF:nside number* thick- | diam- 'gige g‘rg;a‘ ou?side in?\'de wgwrg::t of wgter of modul- | gyra-
diar_neter, ness, eter, = m <l m surface, |surface, p\bt . per ft, in_erlia, I_us ti_on,
in. a b C in. in. a 4 per ft per ft Ib in4 in.3 in.
o - 55 | 0.109 6407 | 322 2.231 1.734 1677 587 13.98 11385 358 2304
= - 10S 0.134 6.357 317 2.733 1734 1.664 929 13.74 1440 435 2.295
- - 2 0.129 6.187 30.10 4410 1734 1.620 15020 (13.100 226600 6.8400 22700
40 | Std | 405 | 0280 6065 | 2889 | 558 1.734 1.588 18.97 1251 2814 8.50 2.245
6 80 xS BOS 0432 5.761 2607 840 1.734 1.508 28.57 11.29 405 1223 2105
6.625 120 = B 0.562 5.501 23771 1070 1.734 1.440 3639 10.30 496 14.98 2153
160 - 0 0.718 5189 | 2115 1333 1.734 1358 4530 9.16 500 17.81 2,104
= XX5 | - 0864 4.897 1883 | 1564 1.734 1.282 5316 8.17 66.3 2003 2.060
- - - 1.000 4625 16.792 17.662 1.734 1211 60.076 7.284 721190 21.7720 2.0200
- - J 1.125 4375| 15025| 19429 1.734 1.145 66.084 6517 76.5970 23.1240 1.9850
- - 56, 0.109 8407 5515 2916 2.258 2.201 991 2407 2645 6.13 3.01
- - 105 | 0.148 8329| 545 3.94 2258 2,180 1340 2359 354 821 3.00
- - b 0219 8.187 52630 5800 2258 2150 19640 22500 513200 11.9000 29700
8 20 | - 2 0.250 8125 518 6.58 2.258 7 2236 2248 577 1339 2962
8.625 30 - = 0.277 8.071 512 7.26 2.258 2113 24.70 2218 634 1469 2.953
40 | Std | 405 | 0322 7981 | 500 840 2258 2089 2855 2169 725 16.81 2938
60 a 2 0.406 7813 479 1048 2.258 2045 3564 20.79 888 20.58 2909
80 | XS | BOS | 0500 7625 | 457 | 1276 2.258 1.99 4339 1980 105.7 2452 2878
100 - - 0.593 7439 435 14.96 2.258 1.948 5087 18.84 1214 2814 2847
120 = - 0.718 7180 406 | 1784 2.258 1.882 6063 17.60 1406 326 2.807
8 140 g & 0812 7.001 385 19.93 2.258 1.833 67.76 16.69 1538 35%7 2777
8625 160 = g 0.906 6813 365 | 2197 2.258 1.784 74.69 15.80 165.9 385 2.748
i - - 1.000 6.625 34454 23.842 2258 1.734 81437 14.945 177.1320 41.0740 2.7190
- - - 1.125 6375| 31903 26494 2258 1669 90.114 | 13838 1806210 442020 | 26810
= g 55 0.134 10.482 86.3 452 2815 2.744 15.15 374 63.7 11.85 375
o o 105 | 0.165 10420 | 853 549 2815 2728 1870 369 769 14.30 3.74
- - - 0219 10312 8352| 724 2815 2.70 2463 362 100.46 1869 372
20 - - 0.250 10250 | 825 8.26 2815 2683 2804 358 1137 21.16 371
30 - K 0.307 10.136 80.7 10.07 2815 2654 34.24 350 137.5 2557 3.69
40 | Std | 405 | 0365 10020 | 789 | 1191 2815 2623 4048 34.1 160.8 2990 367
10 60 x5 BOS 0500 9.750 A7 16.10 2815 2553 54.74 323 2120 304 363
10.750 80 3 = 0.593 9564 | 718 | 1892 2815 2504 64.33 311 2449 456 360
100 = g 0718 9314 | 681 | 2263 2815 2438 7693 295 286.2 532 356
120 3 i 0843 9.064 64.5 26.24 2815 2373 89.20 280 324 60.3 352
E g = 0.875 9000 | 6362 27.14 2815 236 9228 276 33346 62.04 3.50
140 - - 1.000 8.750 60.1 306 2815 2.291 104.13 26.1 368 684 347
160 - - 1.125 8500 567 | 340 2815 2225 115.65 246 399 74.3 343
- - E 1.250 8.250 5345| 3731 2815 2.16 126.82 232 42817 79.66 339
F 3 5 1.500 7.750 | 47.15| 4357 2815 203 14819 205 47859 89.04 3.31
- - 55 | 0156 12438 | 1214 617 334 326 2099 5247 1222 19.20 445
= - 105 | 0.180 12390 | 1206 71 334 324 2420 522 140.5 2203 444
20 - - 0.250 12250 1179 9.84 334 3.21 33.38 511 191.9 30.1 442
30 - - 0.330 12000 | 1148 | 1288 3.34 317 4377 497 2485 390 430
= Std 405 0375 12000 | 1131 14.58 334 314 49.56 490 2793 438 438
40 | - 2 0406 11938 | 1119 | 1574 334 33 53.53 485 300 471 437
= x5 BOS 0.500 11.750 | 1084 19.24 334 308 6542 470 362 56.7 433
12 60 | - 3 0.562 11626 | 1062 | 21.52 3.34 304 7316 | 460 401 628 431
12.750 80 - - 0687 11376 | 1016 26.04 3.34 2978 88.51 440 475 745 427
- - - 0.750 11250 | 9940 | 2827 334 294 96.2 43.1 510.7 80.1 425
100 - - 0.843 11.064 | 961 315 334 2.897 107.20 416 562 88.1 422
- - e 0.875 11.000 9500 | 3264 3.34 2.88 110.9 4.1 5785 90.7 421
120 o b 1.000 10.750 908 369 334 2814 12549 303 642 100.7 417
140 - - 1.125 10500 | 866 | 411 3.34 2749 139.68 375 701 1099 413
= = - 1250 10250 | 8250 45.16 334 268 153.6 358 7555 118.5 4.09
160 = - 1312 10126 80.5 47.1 3.34 2651 160.27 349 781 1226 407
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GENERAL TABLES -,/‘ INVE No

GRINNELL - PIPING DESIGN AND ENGINEERING ' ENGINEERING LLC
PROPERTIES OF PIPE
nominal heelul | g
ipesize schedule wa inside | . . sq ft sq ft . weight | moment | section radius
poﬁtside number* thick- | diam- el Wil ou?side imgide we\gf}twt ofwgter of medul- | gyra-
diameter, ness, eter, iy area, surface, | surface, parit, per ft, inertia, lus, lion,
in. a b € in. in. %3 In-] 59.1n. per ft per ft It Ib in. in.3 in.
N = 55 0.156 13688 | 14720 6.78 367 3.58 230 63.7 1626 239 4.90
- = 105 | 0.188 13624 | 14580 | 816 367 357 277 63.1 1946 278 488
- & g 0210 13.580 | 144.80 9.10 367 155 309 628 2162 309 487
- = E 0219 13562 | 14450 | 948 367 355 322 626 2251 322 487
10 - - 0.250 13.500 | 1431 10.80 367 353 36.71 62.1 2554 36.5 486
- . N 0.281 13438 ( 14180 | 121 367 352 412 615 2852 40.7 4.85
20 | - = 0312 13376 | 1405 | 1342 367 350 4568 609 314 44.9 484
E E B 0344 13312 | 13920 | 1476 367 348 50.2 603 3443 40.2 483
14 30 | Std = 0375 13250 | 1379 | 1605 367 347 54.57 59.7 373 533 482
14.000 40 - = 0437 13.126 | 1353 1862 367 344 63.37 58.7 429 612 480
e = 7 0469 13062 | 13400 | 1994 367 342 678 580 4568 653 479
- x5 g 0.500 13.000 | 1327 21.21 367 340 7209 375 484 69.1 4.78
60 | - 3 0593 12814 | 1200 | 2498 367 335 8491 559 562 803 474
- - i 0625 12750 | 127.7 26.26 367 334 89.28 553 589 84.1 473
80 - = 0.750 12500 | 1227 312 367 327 106.13 532 687 98.2 469
00 | - - 0937 12126 | 1155 | 385 367 317 130.73 50.0 825 1178 463
120 - - 1.003 11.814 | 1096 443 367 3.09 150.67 47.5 930 1328 4.58
140 | - - 1.250 11500 1039 | 501 367 301 170.22 450 1028 146.8 453
160 = = 1406 11.188 9&.3 556 367 2929 189.12 426 1Mm7 1596 448
E - 55 0.165 15670 | 192.90 821 4.19 410 28 835 257 322 560
v - 105 0.188 15624 | 191.70 934 4.19 4.09 32 830 292 365 5.59
10 | - - 0.250 15.500 [ 1887 | 1237 419 406 42,05 81.8 384 480 557
20 = g 0312 15376 | 1857 1538 4.19 403 52.36 80.5 473 502 555
30 Std & 0.375 15250 | 1826 1841 419 399 62.58 79.1 562 703 5.53
16 40 | XS . 0.500 15000 | 1767 | 2435 419 393 82.77 76.5 732 915 548
16.000 60 g N 0.656 14688 | 1604 316 4.19 385 107.50 734 933 1166 543
80 | - . 0.843 14314 | 1609 | 40.1 419 375 13646 69.7 1157 1446 537
100 = E 1.031 13938 | 1526 485 419 365 164.83 66.1 1365 1706 530
120 - - 1.218 13564 | 1445 566 419 355 192.29 626 1556 1945 5.24
140 | - 3 1437 13126 | 1353 | 657 419 344 22364 586 1760 2200 517
160 | - E 1593 12814 | 1200 | 721 419 335 24511 559 1894 2367 512
- - 55 0.165 17670 | 245.20 9.24 471 463 31 106.2 368 408 6.31
- - 105 | 0.188 17624 | 24380 | 1052 47 461 36 105.7 47 464 6.30
10 - - 0.250 17500 | 2405 13.94 471 4.58 4739 1043 549 610 6.28
oY = - 0312 17376 | 237.1 | 17.34 471 455 59.03 1028 678 755 6.25
h Std & 0.375 17250 2337 20.76 471 452 7059 101.2 807 806 6.23
18 30 - N 0437 17126 | 2304 2411 471 448 82.06 999 931 1034 6.21
18.000 E XS N 0.500 17.00 2270 2749 471 445 9345 984 1053 117.0 6.19
40 i = - 0562 16876 | 2237 | 308 47 442 104.75 97.0 1172 1302 6.17
60 - - 0.750 16500 | 2138 406 471 432 138.17 92.7 1515 1683 6.10
80 - = 0937 16.126 | 204.2 502 471 422 170.75 885 1834 2038 6.04
00 | - - 1.156 15688 | 1933 | 612 47 4an 207.96 837 2180 2422 5.97
120 | - o 1375 15250 | 1826 | 718 47 399 244.14 792 2490 2776 5.90
140 - £ 1.562 14876 | 1738 80.7 471 3.89 274.23 753 2750 306 584
160 - = 1.781 14438 | 163.7 90.7 471 378 30851 710 3020 336 577
- = 55 0.188 19634 | 30240 | 1170 5.24 514 40 131.0 574 574 7.00
. . 105 | 0218 10.564 | 300.60 | 13.55 524 512 46 1302 663 663 6.99
10 - & 0.250 19500 | 29860 | 1551 5.24 5.11 52.73 1285 757 757 6.98
20 Std B 0.375 19250 | 2910 23.12 5.24 504 7860 126.0 114 1114 694
20 30 | xs 5 0.500 19000 | 2835 | 306 524 497 10413 1228 1457 1457 690
20,000 40 e - 0.563 18814 | 2780 36.2 524 493 12291 1204 1704 1704 6.86
60 | - - 0812 18376 | 2652 | 489 524 481 16640 1150 2257 2257 6.79
3 - - 0875 18250 ( 2616 526 5.24 4.78 17873 1134 2409 2409 6.77
80 - - 1.031 17938 | 2527 614 5.24 4.70 208.87 1094 2772 2772 6.72
00 | - - 1281 17438 | 2388 | 753 524 457 256.10 1034 3320 332 6.63
I
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ABOUT US

Inveno Engineering LLC. personnel are experts in the field of steam and condensate systems engineering with vast
real-world experience and highly recognized professionals in the industrial arena. Our services include design, engineering,
requests for quotations, standard operating procedures, root cause analysis, system optimization, steam balancing and
project management. Inveno Engineering LLC. can review your entire steam and condensate system from steam
generation to distribution to end user processes and condensate recovery.
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